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ABSTRACT 

Background: increasing male infertility of obscured etiology may be attributed to environmental stressors. 
Extensive use of mobile phones has exposed the general population to unprecedented levels of radiofrequency 
radiations (RFRs) that may be implicated in the affected male reproductive health. Therefore, this study evaluated the 
possible toxicological effects of perinatal exposure of mice pups to 800 -1800 MHz like radiofrequency radiation 
(RFR) on the histological, immunohistochemical and molecular aspects of testicular tissue of mice. 
Materials and Methods: ten pregnant females of Albino mice were selected and used in this research after the 
recognition of the first gestational day by the appearance of vaginal plug. They were categorized equally into 2 groups; 
G1: sham-exposed pregnant females, their pups served as the control group. G2: pregnant females exposed to mobile 
phone radiation for all the gestational period (prenatal exposure) and their pups were subjected to postnatal exposure 
for 45 consecutive days. Animals were continually exposed to RFR emitted by talk mode for 0.5 hour / day from a 
mobile test phone. 
Results: mobile phone radiation affected the testicular structure and function via the degeneration of germ cells and 
Leydig cells. Moreover, it caused apoptosis of testicular cells as indicated by up regulation of caspase-3 and induced 
down regulation of PCNA at the immunohistochemical level confirmed by DNA damage at the molecular level. This 
onset may lead to infertility like condition due to RFR- exposure. 
Conclusion: RFR at the studied frequency caused significant histological, immunohistochemical and molecular 
changes in the examined tissues. The results of this study and other similar studies, when extrapolated to man, they 
must alert the scientific community to the possibility that RFR may have long-term deleterious effects on the 
reproductive health. 
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INTRODUCTION more common in young aged males who mostly carry 
Decreasing fertility rates is a major cause for global them in their pockets close to the scrotal area. This 
concern, which may be addressed via evaluation of raised the public concerns about the 
environmental factors. Nearly, 48.5 million couples possible interaction of its EMWs with the male 
worldwide were affected and 20-30% of these cases reproductive organs, especially testes "'"7!, Since germ 
were due to male infertility of unknown etiology H. cell damage can not only affect exposed populations, but 
Mobile phones operate between 800 - 2200 MHz also future generations, more studies must be performed 
frequency bands which emit radiofrequency to identify and confirm the negative effects of these non- 
electromagnetic waves (RF-EMWs). Human bodies are ionizing radiations, which can be useful in developing 
dipoles acting as antennas that absorb radiation and prevention and/or protective strategies. Therefore, the 
convert it into alternating cross-current "!, objective of this study was to assess the effect of 
Mobile phone usage is also associated with many health perinatal exposure of mice pups to 860 MHz of mobile 
troubles like headache, neck pain, earache, tinnitus, phone RFR on histological, immunohistochemical and 
fatigue, morning tiredness, painful fingers, eye molecular aspects in their immature testes. 


symptoms and sleep disturbance ™. Deleterious effects 

of RFR emitted by mobile phone on male reproductive MATERIAL AND METHODS 

organs are most frequently reported. Previous studies 1-Animals 

recorded RFR- induced sperm toxicity '*!, whereas few Adult 8 males and 24 females of Albino mice were 


others have negated any effect on testes and sperms '7! obtained from the animal house of the Faculty of 
Microwaves emitted by cellular phones have resulted in Veterinary Medicine, Zagazig University. Animals 
histological changes in testes of male Wistar Albino rats involved in this study were maintained and used in 
[$3] Adult rabbits exposed to low intensity pulsed accordance with the Animal Welfare Act and the 
radiofrequency radiation emitted by a cell phone Guide for the Care and Use of Laboratory Animals 
recorded a significant decrease in the diameter of prepared by Zagazig University, Animal Ethical 
seminiferous tubules H". The use of mobile phones is Committee. To reduce the effect of stress, animals were 
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conditioned by placing them in plastic cages for 3 days 
before the experiment in the room in which they would 
be exposed to mobile phone microwaves. They were 
maintained on a 12:12 h light/dark cycle, at room 
temperature of 23° C and a relative humidity of 60%. 
They were placed in groups of four (1 male + 3 female) 
for mating. Ten pregnant females of Albino mice were 
selected and used in this research after the recognition of 
the first gestational day by the appearance of vaginal 
plug. They were categorized equally into 2 groups; G1: 
sham-exposed pregnant females, their pups served as 
control. G2: pregnant females exposed to mobile phone 
radiation for all the gestational period (prenatal 
exposure) and their pups were subjected to postnatal 
exposure for 45 consecutive days. 
2-Mobile phone RFR in vivo exposure 

A radiofrequency GSM signal producer mobile 
phone (Nokia N8-00; frequency 860 MHz, SAR 1.09 
W/kg for head and 0.85 W/kg for body) was used. 
Animals were continually exposed to RFR emitted by 
talk mode for 0.5 hour every day from a mobile test 
phones between 8:00 AM to 11:00 AM during both the 
pre and postnatal periods. The mobile phone was 
situated in close contact to exposure cage |"! Controls 
were sham-exposed for the same period of time. During 
exposure, animals were provided with food and drinking 
water ad libitum. 


3- Animal sacrifice 

After the completion of the exposure period, pups 
of the control and experimental groups were euthanized, 
killed by decapitation and dissected for the removal of 
testes by non-traumatic technique. Each testis was cut 
into small pieces and fixed in 10 % neutral formalin for 
at least 24 h., dehydrated in graded ethanol series, 
cleared in xylene then 3-5 um sections were made. 


4- For histopathological examination hematoxylin and 
eosin stain was used |"), 


5-Immunohistochemical staining: 

Neutral buffered formalin (10%) fixed testicular 
sections (5 wu thick) were dewaxed, hydrated to 
phosphate-buffered saline (PBS; pH 7.5). 
Immunostaining of caspase-3 and PCNA were carried 
out by using streptavidin/biotin immunoperoxidease 
method (LSAB kit, Dako Corp). 

i. Caspase-3, a rabbit polyclonal antibody was 
used as a key marker for apoptosis. 

ii. PCNA, a rabbit polyclonal antibody was used 
as a marker for proliferation activity of cells, according 
to the method of Greenwell et al. P", 

For immunostaining pretreatment of slides by 
boiling for 10 minutes in 10Mm citrate buffer at pH 6 for 
antigen retrieval and cooling sections at room 
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temperature for 20 minutes. Then, incubate sections for 
overnight with the primary antibodies. Immunostaining 
was completed by the use of Ultravision detection 
system (cat number TP - 015- HD). Counterstaining was 
done using Mayer's hematoxylin. 
6- Molecular study 

The alkaline comet assay technic was carried out to 
study induction of DNA breaks in spermatogenic cells 
16171 This method involves unwinding of DNA under 
alkaline conditions. Transfer crushed samples (0.5 g) to 
1 ml ice-cold PBS. Stir for 5 min and filter. We mixed 
100 ul of cell suspension with 600 ul of low-melting 
agarose (0.8% in PBS). We took 100 ul of this mixture 
and spread on pre-coated slides. Slides were immersed in 
lyses buffer (0.045 M TBE, pH 8.4, containing 2.5% 
SDS) for 15 minutes then placed in electrophoresis 
chamber containing the same TBE buffer, but devoid of 
SDS. Conditions of electrophoresis were 2 V/cm for 2 
min and 100 mA. Stain with ethidium bromide 
(20ug/ml) at 4°C. Observation was carried out on humid 
samples, the DNA fragment migration patterns of 100 
cells for each treatment were evaluated with a 
fluorescence microscope using 40x objective (With 
excitation filter 420-490nm [issue 510nm]). The comet 
tail lengths from the middle of the nucleus to the end of 
the tail were measured. A comet 5 image analysis 
software developed by Kinetic Imaging, Ltd. (Liverpool, 
UK) linked to a CCD camera was used to assess the 
quantitative and qualitative extent of DNA damage in 
cells by measuring the length of DNA migration and the 
percentage of migrated DNA. The percentage of 
fragmented DNA in the comet tail is a direct measure of 
DNA damage. Finally, the program calculates tail 
moment. The tail moment was defined as the percentage 
of DNA in the tail multiplied by the length between the 
center of the head and tail. Generally, 50 to 100 
randomly selected cells were analyzed per sample. 


RESULTS 
The histopathological results 

The light microscopy examination of testes of the 
control mice showed normal structure of seminiferous 
tubules (STs) which contained immature stages of 
spermatogenic cells and lumens mostly devoid of sperms 
(Fig. 1). In higher magnification for a part of the last 
field the seminiferous tubules exhibited clearly the 
immature stages of the spermatogenic cells; 
spermatogonia, spermatocytes, spermatids and interstitial 
tissue full of immature Leydig cells with a lumen empty 
of sperms (Fig. 2). However, exposure of the 
experimental animals to the non-ionizing radiation of 
mobile phone led to appearance’ of several 
histopathological lesions including disorganization and 
damaged germ cells inside the seminiferous tubules 
(Fig.3). Higher magnification of testicular tissue of the 
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irradiated mice revealed apoptotic spermatogonia, vacuolization and degenerated interstitial tissue (Fig.4). 
damaged spermatocytes and spermatids, intra-tubular 
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Fig.l: section of testis of control mice (1.5 
immature stages of spermatogenic cells and lumens mostly devoid of sperms, interstitial tissue (IT) full of immature 
Leydig cells. Fig.2: section of testis of 1.5 month of control mice (H&E, X1000) showing the different premature 
stages of spermatogenic cells; Sg: spermatogonia, Sp: spermatocytes, St: spermatids and the Leydig cells (LC) of 
interstitial tissue (IT) and L: lumen. 






Fig.3: section of testis of RFR-exposed mice (1.5 month, H&E, X400) demonstrating seminiferous tubules with 
disorganized and damaged spermatogenic cells. Fig.4: section of testis of microwave exposed mice (1.5 month, H&E, 
X1000) showing apoptotic spermatogonia (Sg), damaged spermatocytes (Sp) and spermatids (St), other apoptotic cells 
(ac) and intra-tubular vacuolization (iv), damaged and vacuolated interstitial tissue (IT). 


The immunohistochemical results 

A. Caspase-3 

Application of caspase-3 immunostaining to testicular tissue of the control and irradiated animals resulted in mild 
brown reaction in the cytoplasmic areas of cells of the spermatogenic series of the control animals (Fig.5). Subjecting 
the immunohistochemical slides to the image analysis gave an average mean of optical density equal to 0.03017 (Table 
1, Histogram 1). However, application of caspase-3 immunostaining to the testicular tissue of the irradiated animals 
resulted in strong immunoreactivity ( Fig.6) compared to the control group with an average mean of optical density 
equaling to 0.97350 and a highly significant increase ( P < 0.0001) of P value (Table 1, Histogram 1). 
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Fig.5: section of testis of a control mice (1.5 month, caspase-3 immunostaining, X 1000) showing mild deposition of 
caspase-3 in cytoplasmic areas of testicular cells. Fig.6: section of testis of RFR- exposed mice (1.5 month, X 1000) 
revealing a strong caspase-3 reaction in the testicular tissue of exposed animals. 


Table 1 : optical density of the average mean of caspas-3 in the control and irradiated groups histogram 


| | Control | irradiated | 
0.03017 | 0.97350 
0.00214 | 0.05160 


070001 





Control Treated 
Histogram 1: a representative for the optical density of caspase -3 


B. PCNA 

Examination of testicular sections of the control group revealed a strong PCNA positive immunoreaction that 
appeared as brown nuclear deposits in spermatogonia and primary spermatocytes (Fig.7). On the other hand, testicular 
sections of irradiated animals showed little positive immunoreactivity in the damaged nuclei of the spermatogenic cells 
(Fig.8). The low positivity of PCNA in the testes of the irradiated animals recorded a significant decrease (p < 0.002) 
compared to the control group (Table 2& histogram 2). 
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PCNA in nuclear areas of the spermatogonia and primary spermatocytes (curved arrows). 
Fig.8: section of testis of RFR -exposed mice (1.5 month, X1000) revealing a low PCNA reactivity in the damaged 
nuclei of testicular cells of the exposed animals. 


Table 2: optical density of the average mean of PCNA in the control and irradiated animals 


PL Control | trradiated 
1391.0000 991.8333 


7.07017 6.01387 


T( Control) p< 0.002 
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Histogram 2: a representative for the optical density of PCNA 


The molecular results 

The comet assay, or single cell gel electrophoresis 
(SCGE), is a commonly-used technic for detection, 
analyzing and measuring DNA damage in individual 
cells in response to different stressor stimuli. In the 
current study, changes in comet assay parameters 
revealed the extent of DNA damage by comet assay for 
each group. The testicular tissue of the control mice 


e 


Fig.9 - Control testis 


Fig.10 - Irradiated testis 


illustrated the normally-occurring DNA damage with a 
mean percentage of tail and tail moment of DNA 
measuring 2.39 and 5.043 respectively (Fig. 9, Table 3). 
Exposure to RFR led to approximately 1.3 and 1.7-fold 
increase in the mean percentage of tail and tail moment 
of DNA measuring 3.05and 8.601 respectively recorded 
increased DNA damage in RFR-exposed group as 
compared to the control (Fig. 10& table 3). 





Figs. 9, 10: gel pictures of comet assay analysis showing the extent of DNA damage in each comet group based on tail 


DNA% and units of tail moment. 


Table 3: values of comet parameters in the control and irradiated groups of mice 


um 


Testis (control) 


Tail DNA % 
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DISCUSSION 

The evidence for the harmful effects of RFR on 
male fertility is still a matter of debate "*! Several 
previous studies revealed that mobile phone usage led to 
decreased male fertility. However, other studies showed 
no confirmed correlation between male infertility and 
prolonged use of cell phone ”!. Therefore, the first target 
of the present investigation was to assess the 
consequences of increasing utility of cell phones on 
testes. 

According to the results of this study, 
exposure of mice pups during the intrauterine and 
postnatal periods for half an hour/day resulted in 
different histopathological lesions in their testes 
including disorganization of germ cells, apoptotic 
spermatogonia, damaged spermatocytes and spermatids, 
intra-tubular vacuolar degeneration and degenerated 
Leydig cells. These detrimental effects markedly 
contribute to impaired testicular structure and 
consequently declined fertility and may be attributed to 
generation of free radicals due to the oxidative stress of 
radiation exposure. There was a conclusive evidence of 
free radical generation after exposure to microwave 
radiation field", 

These observations extend and support previous 
results of Nassar |*! in 2009 which showed that 
exposure of the adult Albino mice to 900-1800 MHz 
microwaves for 30 consecutive days (1 hour/day) 
affected the histological structure of mice testes at the 
cellular and subcellular level, particularly the Leydig 
cells and recorded an apoptosis-inducing effect on the 
spermatogenic cells. Another study recorded that 
exposure of male Wistar rats to mobile phone radiation 
(6 h/day x 30 days at 1.6 W/kg SAR) led to affected both 
the testicular structure and function where they 
demonstrated detachment between the adjacent STs at 
several places and the number of Leydig cells was 
markedly-decreased via a non significant decrease in 
serum testosterone levels and testicular weight, whereas 
regular exercise through swimming (> 3 times a week 
and >30 min each session) led to a non significant 
increase in the testosterone concentrations and testicular 
weight |"! but it might be significant if the time of the 
experiment was extended beyond 30 days. 

This is nearly similar to the reports of Oyewopo et 
al.'°" who stated that radiation of mobile phone caused a 
significant decrease in serum testosterone levels. Our 
findings are also consistent with some previous reports 
2, 231 which concern the deleterious effects of EMF on 
testes at the frequency generated by cell phones; 
spermatozoa are particularly affected as demonstrated by 
stereological assessment of the number of cells. The 
number of Leydig cells, primary spermatocytes and 


133 


spermatids were reduced due to EMF exposure 
compared to the control. The current observations also 
come in agreement with the previous reports of EL- 
Naggar et al.'*"! who reported that exposure of male rats 
to 950 MHz EMF for 3 hours / day, for 2 months 
induced degeneration, disorganization and atrophy in 
some STs with dilated interstitial spaces and highly 
reduced Leydig cells. Ruptured basement membranes of 
some STs with delaminated cells, decreased cellularity 
with highly reduced sperms in the lumen of STs. The 
oxidative stress induced by free radical generation may 
further contribute to gonadal dysfunction, hormonal 
Tee genetic defects and histological alterations 

Testing the immunohistochemical activity of 
caspase-3 and PCNA in the testicular tissue of mice in 
response to RFR exposure in the current study to 
evaluate the biochemical status underling the recorded 
histopathological alterations, the study recorded a 
significant increase in caspase-3 immunoreactivity in the 
irradiated animals compared to the controls. The onset is 
being indicative to the increased state of cellular death 
and confirms and correlates the recorded 
histopathological apoptosis in the present study. This is 
in agreement with the study of Shabin et al.’°! who 
recorded that the increased free radical load in the testes 
of 1800MHz mobile phone irradiated mice resulted in 
testicular apoptosis as evident by histological alterations, 
depletion of germ cells, up-regulation of pro-apoptotic 
proteins (Bax and p53), apoptotic proteins (cytochrome 
c), active executioner caspase-3, and down-regulation of 
anti-apoptotic proteins (Bcl-2 and Bcl-xL) and nuclear 
DNA repairing enzyme PARP-1. They also added that 
increased Bax expression coupled with reduced Bcl-2 
and Bcl-xL expression may led to increased permeability 
of the mitochondrial outer membrane and consequently 
librated the cytochrome-c from mitochondria. This will 
subsequently induces the activation of caspase-3 which 
cleaves the nuclear DNA repair enzyme PARP-1 and 
finally led to testicular apoptosis. Considering the 
progressive privilege of 2.45 GHz wireless networks in 
our environment, exposure of Wistar rats to 2.45 GH 
Wi-Fi radiation, induced a decrease in sperm parameters 
together with an increase in apoptosis-positive cells and 
caspase-3 activity in the seminiferous tubules in a time- 
dependent exposure manner ?”! 

The relationship between cellular apoptosis caused 
by RFR-exposure could be explained by the release of 
cytochrome c after mitochondrial damage resulting in 
DNA damage and apoptosis by activating the caspase - 
mediated pathway '°!. Exposure to RFR had adverse 
effects on the proliferation and differentiation of 
spermatogonia, which may be helpful in understanding 
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the pathogenesis of RFR-induced male infertility "^. 


Therefore, we used PCNA as a biochemical tool to 
assess spermatogenesis. The mean number of PCNA 
positive testicular germ cells in the present investigation 
was significantly reduced in the irradiated group 
indicating disruption and loss in cell proliferation and 
spermatogenesis. This is in agreement with a previous 
study in which exposure of rats to 900 MHz RF- EMWs 
fields for 1 hour/ day for 8 weeks resulted in significant 
decrease in PCNA immunoreactivity ®!.The comet assay 
is a Sensitive and uncomplicated technic for the detection 
of the fragmented chromosomal DNA, an index of 
genome instability, as a late consequence of DNA 
damage at the level of individual eukaryotic cells. The 
alkaline comet assay is an accurate one for both single 
and double-strand breaks. Therefore, in the present 
investigation, we evaluated the DNA fragments level 
using alkaline comet assays in the spermatogenic cells 
and the study recorded from 1.3 to 1.7-folds increase in 
DNA fragmentation in testes of the irradiated group 
relative to the controls. The observed high DNA damage 
in the RFR group clarifies induction of single stranded or 
alkali labile DNA lesions in germ cells and could be 
correlated with higher rates of lipid peroxidation in 
membranes of germ cells due to reactive oxygen species 
generated by RFR-exposure. The present results are in 
agreement with a previous study °" which indicated that 
exposure to 1800 MHz RF-EMFs induced autophagy via 
the AMPK/mTOR signaling pathway and DNA damage 
in mouse spermatocyte cells at a SAR value of 4 W/ kg 
for 24 h and this process was mediated by ROS. Also, a 
previous study showed that the energy level associated 
with EMFs exposure was not sufficient to cause direct 
DNA damage, and it has been suggested that oxidative 
stress could be a key factor V”. Based on results of 
present study it is concluded that, mobile phone radiation 
affected the testicular structure and function via the 
degeneration of germ cells and Leydig cells. Moreover, 
it caused apoptosis of testicular cells and induced down 
regulation of PCNA at the immunohistochemical level 
confirmed by DNA damage at the molecular level. This 
onset may lead to infertility like condition due to RFR- 
exposure. 
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